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The first metaphase-arrested oocytes of the oyster, Crassostrea gigas, re-
initiated meiotic maturation by being exposed to alkaline sea water (pH. 9.3) or 
calcium ionophore A23187 (1-10 JlM) in sea water. The treated oocytes were extrud-
ed polar bodies in lower percentage. Alkaline sea water (pH. 9.3) containing calcium 
ionophore was more effective than alkaline sea water alone or calcium ionophore in 
normal sea water (pH. 8.3). Most of the oocytes extruded two polar bodies and 
reached the pronuclear stage within 1 hour. This finding suggests that oyster oocytes 
require both the rise of intracellular pH and the increase of intracellular free calcium 
for successive events of meiosis following the first metaphase. 
Molluskan oocytes are said to be fertilized either (1) at the germinal vesicle 
stage or (2) at the first metaphase of meiosis and resume meiotic maturation after 
fertilization (LoNGO, 1983). The bivalves, Spisula and Barnea, spawning pro-
phase-arrested oocytes, belong to the first type. In the mussel, Mytilus, and the 
limpet, Patella, belonging to the second type, germinal vesicle stage oocytes (GV 
oocytes) can not be fertilized (GuERRIER et al., 1986; OsANAI and KuRAISHI, 1988). 
The oyster, Crassostrea gigas, differs in fertilizable stage from the two types 
mentioned above. Oyster oocytes can be fertilized both at the germinal vesicle 
stage and at the first metaphase (OSANAI, 1985). Oocytes obtained by dissecting 
ovaries are at the germinal vesicle stage. The GV oocytes spontaneously undergo 
germinal vesicle breakdown (GVBD) in natural sea water (pH. 8.3) and reach the 
first metaphase. The difference in oocyte fertility among bivalve species may 
indicate a difference in the mechanism of oocyte maturation. 
Previously, we showed that responsibility to meiosis-i!)ducing agents differs 
between the oyster and other bivalves, such as Spisula and Barnea (OsANAI _and 
KuRAISHI, 1988). In Spisula and Barnea,. oocytes require both an uptake of 
calcium and a release of protons for meiosis resumption from the prophase (ScHUETZ, 
1975 ; II and REB HUM, 1979; DuBE and GuERRIER, J982a, b). In oyster oocytes, 
however, GVBD parthenogentically occurs in ion,defect .media, such as Na+, K+, 
Ca2+, and Ca2+ and Mg'+-free sea waters (OSANAI, 1985). GVBD induced by 
serotonin in oyster oocytes does not require external calcium. When oyster GV 
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oocytes were exposed to calcium ionophore in pH. 8.3 sea water, they underwent 
meiosis with lower percentage in polar body formation. However, calcium iono-
phore was ineffective in acid sea water (pH. 6.0). This agent seems to induce not 
GVBD, but meiotic maturation following GVBD (OSANAI and KuRAISHI, 1988). 
Oyster oocytes released from the first prophase block by serotonin or a ion-defect 
medium are arrested again at the first metaphase. Spisula and Barnea oocytes 
released from ·the first prophase block by meiosis-inducing chemicals, such as excess 
KCl, ammonia or serotonin, do not stop meiotic maturation at the first metaphase 
(ALLEN, 1957; DUBE and GUERRIER, 1982a; HIRAI et al., 1988). In these species, 
it is difficult to ascertain whether events observed in the oocyte maturation process 
are requisite for GVBD or meiotic division. In oyster oocytes, meiotic maturation 
can proceed through the two steps, from the germinal vesicle stage to the first 
metaphase and from the first metaphase to the female pronuclear stage. Therefore, 
it can be expected to distinguish events required for the second step from those for 
the first step. The present paper deals with meiotic resumption for the second step 
of oocyte maturation. 
MATERIALS AND METHODS 
Gametes. 
The oysters, Crassostrea g'gas, were collected arround the Marine Biological 
Station, T6hoku University, Asamushi, Aomori, and kept in running sea water. 
Oocytes were obtained by dissecting ovaries in acid sea water (pH. 5-6). The 
oocytes were sedimented with a hand centrifuge and the supernatant was aspirated 
off. The oocytes were washed three or four times with fresh acid sea water, which 
was used to avoid spontaneous GVBD (OSANAI, 1985). 
Artificial Induction of GVBD. 
GV oocytes were incubated in sea water containing 1-10 ,uM serotonin (5-
hydroxytryptamine) creatinine sulfate complex (Sigma) for 40-60 min. The 
oocytes underwent GVBD and were arrested at the first metaphase of meiosis. The 
first metaphase oocytes were used to examine the artificial induction of meiosis. 
Dechorionated oocytes were prepared by incubating GV oocytes in acid Ca'+, 
Mg2 +-free sea water (pH. 6.0) containing 1 mM ethyleneglycol-bis-(,B-
aminoethylether) N, N' -tetraacetic acid and 0.2 mgjml trypsin for 10 min (KURAISHI 
and OsANAI, 1988). The dechorionated oocytes were exposed to serotonin for the 
induction of GVBD. 
Sea Water and Chemicals. 
Natural sea water was used after the filtration through a paper filter, Watmann 
No.2. Alkaline sea water (pH. 9.3) was prepared by adding 1M NaOH to filtered 
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sea water. Calcium ionophore A23187 (Sigma, lO mM) was dissolved in the mixture 
of dimethyl sulfoxide and ethanol (1: 3) as a stock solution, which was diluted with 
experimental media prior to use. 
Cytology. 
For cytological examination of nuclei and chromosomes, first metaphase 
oocytes, which were previously exposed to sea water (pH. 8.3) containing 2 or 5 ,uM 
serotonin for 40 min, were .incubated in alkaline sea water (pH. 9.3) containing 
calcium ionophore (1-10 ,uM) and then fixed in CARNOY's methanol-acetic acid (3: 
1) overnight after being incubated for 0-60 min. Fixed specimens suspended in 
CARONY's fluid were dropped on a glass slide and covered with lacto-aceto-orcein 
solution. After lO min, the specimens were somewhat compressed with a cover slip 
and sealed with nail polish. 
For fluorescent microscopic examination, maturing oocytes, which were incubat-
ed in alkaline-calcium ionophore sea water (2 ,uM, pH. 9.3) for 0 or 60 min, were 
fixed in cold methanol for 15 min after being incubated in the extraction medium 
(OSANAI and KYOZUKA, 1988) for 1-2 hours. The fixed specimens were rinsed with 
borate-buffered saline (BBS, pH. 8.1) and attached to a polylysin-coated glass 
coverslip. After rinsing with BBS containing 0.05% Triton X-100 (Triton-BBS) 
the coverslip was placed in BBS containing monoclonal anti-tubulin antibody 
(Amersham) for 60 min. After rinsing with Triton-BBS, the specimens were stained 
with fluorescein isothiocyanate-labelled anti-mouse IgG serum (goat) (Tago) for 60 
min and then in BBS containing 0.05 mg/ml 4', , 6-diamino-2-
phenylindoldihydrochloride (DAPI) for 20 min and then mounted on a glass slide 
with glycerin. 
RESULTS 
Polar Body Formation in Alkaline Sea Wate•r. 
Ammonium chloride acitivates parthenogentically Spisula and Barnea oocytes, 
inducing GVBD and polar body formation (BRASSARD et al., 1988; DuBE 1988; 
DuBE and GuERRIER, 1982a) However, we could not succeed to induce meiosis 
resumption from the first metaphase in oyster oocytes with ammonium chloride, yet 
we found that alkaline sea water used as the control of the ammonium treatment 
induced polar body formation. 
First metaphase oocytes were incubated in normal (pH. 8.3) or alkaline (pH. 
9.3) sea water. The percentage of oocytes with polar bodies were higher in alkaline 
sea water than that in normal sea water (Table 1). The obcytes hardly extruded 
polar bodies in normal sea water .(less than 6"/o). The extent of polar body forma-
tion in alkaline sea water varied among batches. . At the end of the breeding season 
the effect of alkaline sea water was less (Fig. 30). Alkaline sea water was also 
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Table l. 
Polar body formation in alkaline sea water. 
Incubation time in min 
Polar body formation (%) 
pH.8.3 pH.9.3 
Oocytes with chorion 
75 0.5 34.4 
75 0.5 31.1 
98 5.6 48.9 




37 29.9 49.0 
105 83.8 
35 66.3 
First metaphase oocytes previously exposed to ·10 JlM sero-
tonin for 40-60 min were placed in normal (pH. 8.3) or alka-
line (pH. 9.3) sea water. 
effective in dechorionated oocytes (Table 1). 
The kinetics of the rate of polar body formation showed that polar body-
extruded oocytes reached the first maximum 30-40 min after being placed in alka-
line sea water, decreased apparently and then increased· again (Fig. 1A, B). The 
early peak may correspond to the formation of the first polar body and the later 
increase to the formation of the second polar body. 
Meiosis-resumption Induced with Calcium Ionophare. 
Our previous examination on the effect of calcium ionophore A23187 to oyster 
GV oocytes suggests that this agent relea8ed not from the prophase block, but from 
the metaphase block (OsANAI and KuRAISHI, 1988). Thus, we examined whether 
A23187 exactly induces meiosis resumption from the first metaphase stage. 
Some extent of oocytes (25-39%) extruded polar bodies in sea water containing 
A23187 (10 pM, pH. 8.3) (Table 2). The low percentage of polar body-extruded 
oocytes may suggest· that A23187 causes insufficiently the increase of intracellular 
calcium in pH. 8.3 sea water. 
Synec_gistic Effect of Exiernal Alka,linity and, Oalaju7(! Ionoplwre. 
Simultaneous application of high pH and calcium ionophore remarkably 
promoted polar body formation. The first metaphase oocytes were incubated in 
~lkaline. sea water (pH. 9.3) containing calcium ionophore. Calcium ionophore 
(more than 0.5 pM) in alkaline sea water caused the increase in polar body formation 
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Fig. 1. Polar body formation (PBF) of oyster oocytes in alkaline sea water. 
metaphase oocytes were incubated in pH. 8.3 (e) or 9.3 (0) sea water. 




(Table 3). This was the case even in the batches where alkaline sea water alone was 
insufficient for meiosis resumption (Fig. 3C). 
The oocytes began to extrude the first polar body 10 min after incubation, and 
reached the first peak after 20 min. The-second polar body begun to be formed 
about 30 min (Fig. 3B, C). After 60-min incubation, the meiosis-completed oocytes 
were returned into sea water. Some of them formed the polar lobe though they did 
not undergo cleavage. 
Oyotological Examination of Meiosis-resumed Oocytes. 
Living oocytes with polar bodies were counted in the experiments described 
above. Polar bodies extruded from the upper and lower surface were difficult to be 
observed. Exact rate of polar body-formed eggs might be higher than the values 
shown in the tables. Since extruded polar bodies tended to separate away from the 
oocyte surface, it was difficult to decide whether a polar body on the oocyte surface 
was the first or the second except in the cases with two polar bodies. To determine 
exact stages of maturing oocytes, meiotic figures were observed in fixed and stained 
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Fig. 2. Polar bodies formed on oyster oocytes incubated in calcium inophore-alkaline 
sea water (10 ,uM, pH. 9.3). 32 min (a), 45 min (b) and 90 min (c, d) after incuba-
tion at 22°C. Two polar bodies are observed in b-d. X 570. 
Table2. 
Polar body formation with calcium ionophore A23187 
in pH. 8.3 sea water 
A23187 Incubation time Polar body formation 
(,u M) in min (%) 
10 86 38.7 
10 109 24.7 
10 76 30.9 
80 5.1 
First metaphase oocytes (pretreated with 10 ,u M serotonin for 
40 min) IYere incubated in sea \Yater (pH. 8.3) conta ining 
calcium ionophore. 
b 
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Fig. 3. Polar body formation (PBF) in calcium ionophore-alkaline sea water. First 
metaphase oocytes were incubated in pH. 8.3 sea water with calcium ionophore (10 
,uM) (6), or in pH. 9.3 sea water with (0 ) or without (e) calcium ionophore. 
The abscissa shows t ime in minutes after the initiation of incubation. 
Table 3. 
Polar body formation in alkaline sea water 
containing calcium ionophore A23187. 
A23187 (,uM) Polar body formation (%) 
pH.8.3 pH. 9.3 
5 2.4 52.0 
2.0 51.3 
0.5 0.5 47.4 
0.1 0. 1 4.6 
0 1.2 l.l 
First metaphase oocytes (pretreated with 10 ,uM serotonin for 40 
min) were incubated in ordi nary (pH. 8.3) or alkaline (pH. 9.3) 
sea water containing calcium ionophore A23187. Polar body 
fo rmation was counted after the incubation for 73-93 min at 22° 
C. 
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Fig. 4. Post:rmeiosis eggs incubated in calcium ionophore-alkaline sea water (5 ,uM, 
pH. 9.3) for 60 min and returned to ordinary sea 11·ater. The polar lobe (shown 
with the arr011·s) appeared at the vegital pole side. X 570. 
T able 4. 
Successive change of oyster oocytes in calcium 
ionophore-alkaline sea \\·ater. 






























First metaphase oocytes 11·ere incubated in alkaline sea 11·ater (pH. 9.3) 
containing 5 ,uM calcium ionophore A23187 and then fixed in CAR~OY's fluid 
for cytological examination. Parenthesized numbers shm1· percentage. 
en 
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spec1mens. 
First metaphase oocytes were incubated in alkaline sea water (pH. 9.3) contain-
ing 5 ,uM calcium ionophore and fixed in CARNOY's fluid after the incubation for 
0-60 min. Various stages of meiotic division from the firs t metaphase to the 
pronuclear stage were observed (Fig. 5). 
Fig. 5. Nuclei and chromosomes in oocytes maturing in calcium ionophore-alkaline sea 
water. Stained with aceto-lacto-orcein. 15 (a, b), 30 (c, d ) and 60 (e, f) min after 
incubation. The anows indicate the female pronucleus in e and mitotic chromo-
somes in f, respectively. The bar indicates 10 ,urn. 
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Within 15 min after incubation, two thirds of oocytes were released from the 
first metaphase block and a half of oocytes reached the second meiotic stage. About 
60% of oocytes were undergoing or completed second meiosis after 30 min-incuba-
tion. After 60 min, most of the oocytes completed second meiosis and chromosomes 
decondensed in the female pronucleus. In some oocytes (7.4%) mitotic chromo-
somes arranged on the mitotic plate were observed (Fig. 5 f ; Table 4) . 
Fluorscence microscopy also shows that successive mitotic changes proceeded 
normally from the first metaphase to the swelling of the female pronucleus within 60 
min after incubation (Fig. 6a-e). Tubulin-containing fibrous structure was not 
Fig. 6. Fluorescence microscopy of meiotic change in oyster oocytes exposed to cal-
cium ionophore-alkaline sea water (2 ,uM, pH. 9.3) for 0 (a, a') or 60 (b-e, b'-e') min. 
a, a' : first metaphase ; b, b' : first anaphase ; c, c' : second metaphase. 
L 
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F ig. 6 (cont inued) d, d': second anapha,se; e, e': pronuclear stage ; f, f ': post-
meiosis stage with a S\\'ollen female nucleus. Stained with anti-tubulin antibody 
(a-f) or with DAPI (a '-e') . x 550. 
observed around the swollen pronucleus (Fig. 6e). 
DISCUSSION 
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In pelecypod oocytes, the release from meiotic arrest involves the increase of 
intracellular Ca2 + and/ or the rise of intracellular pH (MoREAU et al., 1985) . In 
oyster oocytes, meiosis is arreated at two stages, the first prophase and the first 
metaphase. The release from the prophase-arrest is induced by natural sea water 
(pH. 8.3) and serotonin (OsANAI, 1985). Meiosis resumption from the prophase 
stage does not require extracellular calcium, depending on extracellular alkalinity 
(OsANAI, 1985; OsANAI and KuRAISHI, 1988). Serotonin can induce GVBD even in 
acid sea water (pH. 6.0) (OsANAI, 1985). This agent may induce the production of 
diacylglycerol which cause the rise of intracellular pH (BERRIDGE, 1983; BERRIDGE 
and IRviNE, 1984), which is requisite for GVBD. 
External pH required for meiosis resumption from the first metaphase is higher 
than that for the release from the prophase block. External high pH alone or 
calcium ionophore alone is insufficient to releasing from the metaphase arrest. 
Simultaneous application of calcium ionophore and external high pH induced 
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meiotic maturation m larger extent. Most of the oocytes completed meiosis and 
reached the pronuclear stage. Both the rise of intracellular pH and the increase of 
intracellular free calcium seem to be required for meiosis resumption from the first 
metaphase in oyster oocytes. 
In the present examination, we did not ascertain whether external application 
of alkali and/or calcium ionophore causes the rise of intracellualr pH and/or the 
increase of intracellular free calcium. External alkaline condition may accelerate 
the uptake of calcium, resulting in the increase of intracellular Ca2+ which causes 
intracellular alkalization. In Spisula oocytes, an increased calcium influx contrib-
utes to activate protein kinase 0 which causes a Na+-dependent acid release leading 
to a rise of intracellular pH (DuBJ!, 1988). 
Activation of Patella oocytes proceeds in two steps involving, respectively, a 
change in intracellular pH followed by a rise in intracellular CaZ+ (GuERRIER et al., 
1986). Crassostrea oocytes seem to require the rise of intracellular pH for the first 
resumption from the first prophase stage and both the increase of intracellar CaZ+ 
and the rise of intracellular pH for the second resumption from the first metaphase 
stage. Thus, Crassostrea oocytes can be said to be a material suitable to analyze 
oocyte maturation and meiotic arrest as Patella oocytes. 
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